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HYBRID COOLING SYSTEM AND METHOD 
FOR A MULTI-COMPONENT ELECTRONICS 

SYSTEM 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

This application contains subj ect matter Which is related to 
the subject matter of the following applications, each of 
Which is assigned to the same assignee as this application and 
each of Which is hereby incorporated herein by reference in its 
entirety: 

“Cooling System and Method for a Multi-Component 
Electronics System Employing Conductive Heat Trans 
port”, Campbell et al., Ser. No. 11/539,905; 

“Method of Assembling a Cooling System for a Multi 
Component Electronics System”, Campbell et al., Ser. 
No.11/539,907; 

“Liquid-Based Cooling System for Cooling a Multi-Com 
ponent Electronics System”, Campbell et al., Ser. No. 
1 1/ 53 9,9 1 0; 

“Method and Apparatus for Mounting a Heat Sink in Ther 
mal Contact With an Electronic Component”, Colbert et 
al, Ser. No. 11/201,972, ?led Aug. 11, 2005; and 

“Heatsink Apparatus for Applying a Speci?ed Compres 
sive Force to an Integrated Circuit Device”, Colbert et al, 
Ser. No. 11/460,334, ?led Jul. 27, 2006. 

TECHNICAL FIELD 

The present invention relates in general to cooling an elec 
tronics system, and more particularly, to a hybrid cooling 
approach Which facilitates air-cooling of secondary heat gen 
erating components of an electronics system using one or 
more thermally conductive auxiliary structures coupled to a 
thermally conductive coolant-carrying tube facilitating pas 
sage of liquid coolant through one or more cold plates 
coupled to one or more primary heat generating components 
of the electronics system to be cooled. 

BACKGROUND OF THE INVENTION 

The poWer dissipation of integrated circuit chips, and the 
modules containing the chips, continues to increase in order 
to achieve increases in processor performance. This trend 
poses a cooling challenge at both the module and system 
level. Increased air ?oW rates are needed to effectively cool 
high poWer modules and to limit the temperature of air 
exhausted into the computer center. 

In many large server applications, processors along With 
their associated electronics (e.g., memory, disk drives, poWer, 
etc.) are packaged in removable draWer con?gurations 
stacked or aligned Within a rack or frame. In other cases, the 
electronics may be in ?xed locations Within the rack or frame. 
Typically, the components are cooled by air moving in paral 
lel air ?oW paths, usually front-to-back, impelled by one or 
more air moving devices (e. g., fans orbloWers). In some cases 
it may be possible to handle increased poWer dissipation 
Within a single draWer by providing greater air ?oW, for 
example, through the use of a more poWerful air moving 
device or by increasing the rotational speed (i.e., RPM) of an 
existing air moving device. HoWever, this approach is becom 
ing unmanageable at the frame level in the context of a com 
puter installation (e.g., data center). 

The sensible heat load carried by the air exiting the frame 
Will eventually exceed the ability of room air conditioning to 
effectively handle the load. This is especially true for large 
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2 
installations of “server farms” or large banks of computer 
frames close together. In such installations, not only Will the 
room air conditioning be challenged, but the situation may 
also result in recirculation problems With some fraction of the 
“hot” air exiting one frame being draWn into the air inlet of the 
same or a nearby frame. Furthermore, While the acoustic 
noise level of a poWerful (or higher RPM) air moving device 
in a single draWer may be Within acceptable acoustic limits, 
because of the number of air moving devices in the frame, the 
total acoustic noise at the frame level may not be acceptable. 
In addition, the conventional openings in the frame for the 
entry and exit of air ?oW make it dif?cult, if not impossible to 
provide effective acoustic treatment to reduce the acoustic 
noise level outside the frame. Finally, as operating frequen 
cies continue to increase, electromagnetic cross talk betWeen 
tightly spaced computer frames is becoming a problem 
largely due to the presence of the openings in the covers. 

SUMMARY OF THE INVENTION 

The shortcomings of the prior art are overcome, and addi 
tional advantages are realiZed through the provision, in one 
aspect, of a hybrid cooling system for a multi-component 
electronics system. The hybrid cooling system includes an air 
moving device, a liquid-based cooling subsystem and a ther 
mally conductive auxiliary structure. The air moving device 
establishes air ?oW across multiple components of the elec 
tronics system, Which includes at least one primary heat gen 
erating component to be cooled and at least one secondary 
heat generating component to be cooled. The liquid-based 
cooling subsystem includes at least one cold plate con?gured 
to couple to the at least one primary heat generating compo 
nent to be cooled for liquid-based cooling thereof. The liquid 
based cooling subsystem further includes at least one ther 
mally conductive coolant-carrying tube in ?uid 
communication With the at least one cold plate for facilitating 
passage of liquid coolant therethrough. The thermally con 
ductive auxiliary structure is coupled to the at least one ther 
mally conductive coolant-carrying tube, and includes a plu 
rality of thermally conductive ?ns extending from a surface 
thereof. When the hybrid cooling system is employed to cool 
the multi-component electronics system, the plurality of ther 
mally conductive ?ns of the thermally conductive auxiliary 
structure are disposed at least partially over the at least one 
secondary heat generating component to be cooled, and pro 
vide cooling of at least a portion of the air ?oW established 
across the multiple components of the electronics system to 
further facilitate cooling thereof. 

In another aspect, a cooled electronics system is provided 
Which includes at least one electronics draWer containing 
multiple components, and a hybrid cooling system for cool 
ing the multiple components. The electronics draWer includes 
at least one primary heat generating and at least one second 
ary heat generating component to be cooled. The hybrid cool 
ing system includes an air moving device, a liquid-based 
cooling subsystem, and a thermally conductive auxiliary 
structure. The air moving device establishes air ?oW across 
the multiple components to be cooled. The liquid-based cool 
ing subsystem includes at least one cold plate coupled to the 
at least one primary heat generating component to be cooled 
for liquid-based cooling thereof. The liquid-based cooling 
subsystem further includes at least one thermally conductive 
coolant-carrying tube in ?uid communication With the at least 
one cold plate for facilitating passage of liquid coolant there 
through. The thermally conductive auxiliary structure is 
coupled to the at least one thermally conductive coolant 
carrying tube, and includes a plurality of thermally conduc 
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tive ?ns extending from a surface thereof. The plurality of 
thermally conductive ?ns are disposed at least partially over 
the at least one secondary heat generating component to be 
cooled, and provide cooling of at least a portion of the air ?oW 
established across the multiple components of the at least one 
electronics draWer to further facilitate cooling thereof. 

In a further aspect, a method of fabricating a hybrid cooling 
system for a multi-component electronics system is provided. 
The method includes: providing an air moving device for 
establishing air ?oW across multiple components of an elec 
tronics system, Which includes at least one primary heat gen 
erating component and at least one secondary heat generating 
component to be cooled; providing a liquid-based cooling 
subsystem comprising at least one cold plate con?gured to 
couple to the at least one primary heat generating component 
to be cooled for liquid-based cooling thereof, the liquid-based 
cooling subsystem further including at least one thermally 
conductive coolant-carrying tube in ?uid communication 
With the at least one cold plate for facilitating passage of 
liquid coolant through the at least one cold plate; and coupling 
a thermally conductive auxiliary structure to the at least one 
thermally conductive coolant-carrying tube, the thermally 
conductive auxiliary structure including a plurality of ther 
mally conductive ?ns extending from a surface thereof. When 
in use, With the hybrid cooling system coupled to the multi 
component electronics system, the plurality of thermally con 
ductive ?ns reside at least partially over the at least one 
secondary heat generating component to be cooled and pro 
vide cooling of at least a portion of the air ?oW established 
across the multiple components of the electronics system to 
further facilitate cooling thereof. 

Further, additional features and advantages are realiZed 
through the techniques of the present invention. Other 
embodiments and aspects of the invention are described in 
detail herein and are considered a part of the claimed inven 
tion. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The subject matter Which is regarded as the invention is 
particularly pointed out and distinctly claimed in the claims at 
the conclusion of the speci?cation. The foregoing and other 
objects, features, and advantages of the invention are apparent 
from the folloWing detailed description taken in conjunction 
With the accompanying draWings in Which: 

FIG. 1 depicts one embodiment of a conventional air 
cooled electronics frame With heat generating electronic 
components disposed in removable electronics draWers; 

FIG. 2 is a plan vieW of one embodiment of an electronics 
draWer layout illustrating multiple electronic components to 
be cooled, in accordance With an aspect of the present inven 
tion; 

FIG. 3 is a plan vieW of the electronics draWer layout of 
FIG. 2 illustrating one embodiment of an air and liquid cool 
ing system for cooling the components of the draWer, in 
accordance With an aspect of the present invention; 

FIG. 4A is a partial cross-sectional plan vieW of the elec 
tronics draWer component layout of FIG. 3, and depicting ?ns 
of a thermally conductive auxiliary structure of a hybrid cool 
ing system disposed to cool selected electronic components 
of the electronics draWer (and taken along line 4A-4A of FIG. 
4B), in accordance With an aspect of the present invention; 

FIG. 4B is a cross-sectional elevational vieW of the partial 
electronics draWer component layout and hybrid cooling sys 
tem of FIG. 4A, taken along line 4B-4B, in accordance With 
an aspect of the present invention; 
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4 
FIG. 5A is a more detailed partial cross-sectional plan vieW 

of the electronics draWer component layout of FIG. 3, and 
depicting ?ns of the thermally conductive auxiliary structure 
of the hybrid cooling system disposed to cool selected elec 
tronic components of the electronics draWer (and taken along 
line 5A-5A of FIG. 5B), in accordance With an aspect of the 
present invention; 

FIG. 5B is a cross-sectional elevational vieW of the elec 
tronics draWer component layout and hybrid cooling system 
of FIG. 5A, taken along line 5B-5B, in accordance With an 
aspect of the present invention; 

FIG. 6 is a plan vieW of the electronics draWer component 
layout of FIG. 3, shoWing an alternate embodiment for the 
thermally conductive coolant-carrying tubes of the hybrid 
cooling system, in accordance With an aspect of the present 
invention; and 

FIG. 7 is a partial elevational vieW of a secondary heat 
generating component of an electronics draWer to be cooled 
and shoWing a portion of a hybrid cooling system, Wherein the 
secondary heat generating component has an air-cooled heat 
sink coupled thereto With the heat sink ?ns interdigitated With 
?ns extending doWnWard from the thermally conductive aux 
iliary structures coupled to the thermally conductive coolant 
carrying tubes of the hybrid cooling system, in accordance 
With an aspect of the present invention. 

BEST MODE FOR CARRYING OUT THE 
INVENTION 

As used herein “electronics system” comprises any system 
containing one or more heat generating components of a 
computer system or other electronics unit requiring cooling. 
The terms “electronics rack”, “electronics frame”, and 
“frame” are used interchangeably, and include any housing, 
rack, compartment, blade chassis, etc., having heat generat 
ing components of a computer system or electronics system 
and may be for example, a stand-alone computer processor 
having high, mid or loW end processing capability. In one 
embodiment, an electronics frame comprises multiple elec 
tronics draWers, each having multiple heat generating com 
ponents disposed therein requiring cooling. “Electronics 
draWer” refers to any sub-housing, blade, book, draWer, node, 
compartment, etc., having multiple heat generating electron 
ics components disposed therein. Each electronics draWer of 
an electronics frame may be movable or ?xed relative to the 
electronics frame, With rack mounted electronics draWers and 
blades of a blade center system being tWo examples of draW 
ers of an electronics frame to be cooled. 

“Electronic component” refers to any heat generating elec 
tronic component of, for example, a computer system or other 
electronics unit requiring cooling. By Way of example, an 
electronic component may comprise one or more integrated 
circuit chips and/ or other electronic devices to be cooled, 
including one or more processor modules, memory modules 
and memory support modules. As used herein, “primary heat 
generating component to be cooled” refers to a primary heat 
generating electronic component Within the electronics sys 
tem (With a processor module being one example), While 
“secondary heat generating component to be cooled” refers to 
a component of the electronics system generating less heat 
than the primary heat generating component to be cooled 
(With memory modules and memory support modules being 
examples of secondary heat generating components to be 
cooled). 
As shoWn in FIG. 1, in rack-mounted con?gurations typi 

cal in the prior art, a plurality of air moving devices 111 (e.g., 
fans or bloWers) provide forced air How 115 needed to cool 
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the electronic components 112 Within the electronics drawers 
113 of the frame 100. Cool air is taken in through a louvered 
inlet cover 114 in the front of the frame and exhausted out a 
louvered outlet cover 116 in the back of the frame. 

FIG. 2 illustrates one embodiment of a multi-component 
electronics draWer 213 having a component layout in accor 
dance With an aspect of the present invention. Electronics 
draWer 213 includes one or more air moving devices 211 
(e.g., fans or blowers) Which provide forced air How 215 
across the multiple electronic components 212 Within elec 
tronics draWer 213. Cool air is taken in through a front 231 of 
electronics draWer 213 and exhausted out a back 233 of the 
electronics draWer. In this embodiment, the multiple elec 
tronic components to be cooled 212 include processor mod 
ules disposed beloW air-cooled heat sinks 220, as Well as (by 
Way of example) multiple roWs of memory support modules 
232 disposed betWeen arrayed memory modules 230, such as 
air-cooled dual in-line memory module (DIMM) packages. 

Those skilled in the art Will note that although described 
herein in association With DIMM packages, and memory 
support modules, the concepts presented are applicable to 
facilitating cooling of any secondary heat generating compo 
nent to be cooled Within an electronics system. Again, the 
terms “primary heat generating component” and “secondary 
heat generating component” are used to differentiate betWeen 
heat generating capabilities of components Within the elec 
tronics system. By Way of example, processor modules typi 
cally generate more heat than, for example, memory modules 
or memory support modules, and therefore are deemed pri 
mary heat generating components to be cooled Within the 
electronics system, While the memory modules and memory 
support modules are referred to herein as secondary heat 
generating components to be cooled. 
As illustrated further beloW, each DIMM package includes 

a short rectangular substrate plugged into a connector on a 
motherboard at the bottom of the electronics draWer, and 
projects upWard from the motherboard. Memory chips are 
surface-mounted in a line on the DIMM substrate parallel to 
the air ?oW direction. A number of DIMMs are pluggable in 
closely spaced position across the electronics draWer, form 
ing multiple air ?oW channels or passageWays betWeen the 
DIMMs Which extend at least partially through the electron 
ics draWer. 

In order to provide greater performance, it Will eventually 
be necessary to increase processor chip poWers beyond the 
point Where forced air-cooling is feasible as a solution. 
Because of their level of poWer dissipation, the memory sup 
port modules may also require the application of auxiliary 
cooling such as air-cooled, ?nned heat sinks to be effectively 
cooled. To meet these increased cooling demands, a hybrid 
cooling system With a liquid-based cooling subassembly 
including at least one liquid-cooled cold plate physically 
coupled to the at least one primary heat generating compo 
nent (e.g., processor module) to be cooled may be provided. 

FIG. 3 is a simpli?ed depiction of the electronics draWer 
layout of FIG. 2, With a hybrid cooling system shoWn, includ 
ing a liquid-based cooling subsystem With multiple sets of 
thermally conductive coolant-carrying tubes, in accordance 
With an aspect of the present invention. 
More particularly, FIG. 3 depicts one embodiment of an 

electronics draWer 313 component layout Wherein one or 
more air moving devices 311 provide forced air How 315 to 
cool multiple components 312 Within electronics draWer 313. 
Cool air is taken in through a front 331 of the draWer and 
exhausted out a back 333 of the draWer. The multiple com 
ponents to be cooled include multiple processor modules to 
Which liquid-cooled cold plates 320 are coupled, as Well as 
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6 
multiple arrays of memory modules 330 (e.g., dual in-line 
memory modules (DIMMs)) and multiple roWs of memory 
support modules 332 (e.g., DIMM control modules). In the 
embodiment illustrated, memory modules 330 and memory 
support modules 332 are partially arrayed near front 331 of 
electronics draWer 313, and partially arrayed nearback 333 of 
electronics draWer 313. In one embodiment, memory mod 
ules 330 are dual in-line memory module packages con?g 
ured as described above in connection With memory modules 
230 of FIG. 2. In the embodiment of FIG. 3, memory modules 
330 and memory support modules 332 are cooled by air How 
315 across the electronics draWer. 

The thermally conductive coolant-carrying tubes in the 
embodiment of FIG. 3 comprise sets of coolant-carrying 
tubes, With each set including a thermally conductive coolant 
supply tube 340 and a thermally conductive coolant return 
tube 342. In this example, each set of tubes provides liquid 
coolant to a pair of cold plates 320 (coupled to a pair of 
processor modules). Coolant ?oWs into a ?rst coldplate of the 
pair via the thermally conductive coolant supply tube 340 and 
from the ?rst cold plate to the second cold plate via a bridge 
tube or line 341, Which may or may not be thermally conduc 
tive. From the second coldplate of the pair, coolant is returned 
through the respective thermally conductive coolant return 
tube 342. In an alternate embodiment, only the supply tube 
340 or the return tube 342 is thermally conductive (e.g., 
fabricated of a metal such as copper or aluminum tube), With 
the other tube being, for example, a ?exible, non-thermally 
conductive coolant-carrying line or hose. The auxiliary struc 
tures presented herein beloW employ at least one thermally 
conductive coolant-carrying tube in ?uid communication 
With at least one liquid-cooled cold plate coupled to at least 
one primary heat generating component to be cooled. 

In anticipation that poWer dissipation of memory modules 
(and memory support modules) Will also increase in the 
future, an enhanced hybrid cooling system and method of 
fabrication are presented herein With reference to FIGS. 
4A-7. The hybrid cooling systems and methods presented 
provide enhanced cooling of, for example, the memory mod 
ules and the memory support modules beyond conventional 
air cooling. 
One approach to accommodating greater poWer dissipation 

from the DIMMs Would be to utiliZe Water-cooled cold plates 
attached to the DIMMs in a manner similar to that employed 
for the processor modules. Unfortunately, because of the 
above-noted DIMM geometry and close spacing, this 
approach is not practical. Thus, provided herein is an 
enhanced hybrid cooling system and method Which utiliZe a 
thermally conductive auxiliary structure extending outWard 
over the DIMMs and coupled to one or more of the thermally 
conductive coolant-carrying tubes (facilitating passage of 
coolant to the cold plates attached to the processor modules). 
As used herein, the phrases “coupled” and “physically 
coupled” refer to either a direct or indirect physical coupling, 
for example, of the auxiliary structure to at least one thermally 
conductive coolant-carrying tube. 
A plurality of thermally conductive ?ns extend from a 

surface from the thermally conductive auxiliary structure into 
?oW passages de?ned betWeen adjacent DIMMs to extract 
heat from air passing over the DIMMs. In another embodi 
ment, the plurality of thermally conductive ?ns interdigitate 
in spaced relation With a plurality of upWard projecting ?ns of 
one or more air-cooled heat sink(s) coupled to one or more of 

the memory support modules. In either embodiment, heat 
extracted from air is transported via the thermally conductive 
?ns to the thermally conductive auxiliary structure and hence 
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to the thermally conductive coolant-carrying tube(s) Where it 
is rejected by convection to the coolant ?owing through the 
lines. 

Building on the hybrid air and liquid cooling approach of 
FIG. 3, FIGS. 4A & 4B depict plan and elevational cross 
sectional vieWs of a portion of an electronics draWer and 
enhanced hybrid cooling system, in accordance With an 
aspect of the present invention. In this embodiment, a plural 
ity of DIMM packages (or memory modules 330) again plug 
into and extend upWard from a supporting substrate 400. The 
DIMM packages are spaced With air How 315 passing 
betWeen the DIMM packages for cooling thereof. Addition 
ally, the hybrid cooling system includes a thermally conduc 
tive auxiliary structure 410 Which, in this embodiment, 
includes a metal plate con?gured to accommodate and physi 
cally couple to one or more of the thermally conductive cool 
ant-carrying tubes. In the embodiment of FIGS. 4A & 4B, 
thermally conductive auxiliary structure 410 is con?gured to 
accommodate a thermally conductive coolant supply tube 
340. A mounting bracket 415 removably secures thermally 
conductive auxiliary structure 410 to thermally conductive 
coolant supply tube 340 employing, for example, multiple 
connectors 416 (such as threaded bolts). A plurality of ther 
mally conductive ?ns 420 extend doWnWard (in this embodi 
ment) from thermally conductive auxiliary structure 410 into 
the air ?oW passages de?ned betWeen adjacent DIMM pack 
ages. 
As heat is removed from the DIMM packages through 

forced convection into the ?oWing air, thermally conductive 
?ns 420 betWeen adjacent DIMM packages effectively 
reduce the hydraulic diameter of the How passages, and for 
heat transfer in the laminar flow regime, the convective heat 
transfer coe?icient is inversely proportional to the hydraulic 
diameter of the How passage. Thus, the presence of the plu 
rality of thermally conductive ?ns 420 in the How passages 
de?ned betWeen the memory modules results in an increase in 
the rate of heat transfer to the air by the DlMMs. As air ?oWs 
through the passages de?ned betWeen the DlMMs, the air 
absorbs heat and rises in temperature. This rise in air tem 
perature along the air passages has the effect of increasing the 
temperature of the DlMMs further along the How paths. HoW 
ever, the plurality of thermally conductive ?ns 420 function to 
mitigate this effect. As air heats along the How passages, a 
portion of the heat absorbed by the air is transferred to the 
cooler thermally conductive ?ns, thereby reducing the tem 
perature rise in the air along the passages. The heat transferred 
to the thermally conductive ?ns is conducted into the ther 
mally conductive base plate, and hence to one or more ther 
mally conductive coolant-carrying tubes, Where it passes by 
convection to the liquid coolant ?oWing Within the tube(s). 

Although the thermally conductive auxiliary structure 410 
is illustrated in FIGS. 4A & 4B as including a solid thermally 
conductive plate (e. g., fabricated of copper or aluminum), it 
Will be understood by those skilled in the art that the base 
plate could alternatively incorporate structures such as heat 
tubes or vapor chambers to further enhance its heat transport 
capability. 

FIGS. 5A & 5B depict a more detailed embodiment of the 
secondary heat generating components of an electronics 
draWer to be cooled employing a hybrid cooling system, in 
accordance With an aspect of the present invention. The elec 
tronics draWer component layout is again assumed to be 
similar to that depicted in FIGS. 3, 4A & 4B and described 
above. As shoWn in FIGS. 5A & 5B, a plurality of memory 
modules 330 (such as DIMM packages) are arrayed across 
the electronics draWer (such as depicted in FIG. 3). The 
DIMM modules plug into connectors coupled to substrate 
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8 
400. Similarly, a plurality of memory support modules 332 
are aligned in roWs and also plug into substrate 400. In this 
embodiment, a removable, thermally conductive auxiliary 
structure 510 is disposed over the array of memory modules 
330 and roWs of memory support modules 332. The sets of 
thermally conductive coolant-carrying tubes 340, 342 are 
disposed to extend over the roWs of memory support modules 
332 as shoWn. The thermally conductive auxiliary structure is 
con?gured to accommodate the multiple coolant-carrying 
tubes and is physically coupled to the tubes employing mul 
tiple mounting plates 515 and connectors 516. The thermally 
conductive auxiliary structure 510 again includes a plurality 
of thermally conductive ?ns 520 (projecting from a surface of 
the base plate). Fins 520 extend into the air passageWays 
de?ned betWeen adjacent memory modules 330 in a manner 
such as described above in connection With FIGS. 4A & 4B. 
In this embodiment, air-cooled ?n heat sinks 530 are coupled 
to the memory support modules 332 and have ?ns extending 
in close proximity to mounting plates 515, and hence, in close 
proximity to thermally conductive coolant-carrying tubes 
340, 342. 
The thermally conductive auxiliary structures of the 

embodiments of FIGS. 4A-5B can be attached via mounting 
plates joined to the underside of the coolant distribution 
line(s) by means of, for example, a thermally conductive 
epoxy, solder or braZe around the loWer half of the coolant 
carrying tube(s). The mounting plates extend outWards from 
the tubes to provide increased thermal contact area With the 
underside of the thermally conductive auxiliary structure, 
thereby reducing thermal contact resistance betWeen the aux 
iliary structure(s) and the tube(s). In one embodiment, the 
auxiliary structure and mounting plates are joined via 
threaded mechanical screWs. 

It should be noted that it is sometimes necessary to replace 
or add DlMMs to a node in the ?eld. Thus, one feature of the 
hybrid cooling system described herein is that it alloWs ser 
vicing in the ?eld. This is accomplished by WithdraWing the 
node (i.e., electronics draWer) from the electronics rack and 
removing the attachment screWs from the thermally conduc 
tive auxiliary structure. The auxiliary structure may then be 
lifted and removed to alloW access to unplug or plug DlMMs 
into the draWer’s motherboard. As another feature of the 
hybrid cooling system disclosed herein, the system not only 
enhances the cooling of the secondary heat generating com 
ponents (e.g., DIMM packages), it reduces the heat load on 
the customer room air conditioning by further reducing heat 
that is transferred to the air exiting each draWer of the elec 
tronics frame. 

FIG. 6 depicts an alternate layout for the thermally con 
ductive coolant return lines of the liquid-based cooling sub 
system described above. As shoWn, the memory modules 330 
(e.g., DIMM packages) are arrayed 601 at a front 331 and 
arrayed 602 at a back 333 of the multi-component electronics 
draWer 313. BetWeen the arrayed memory modules are roWs 
of memory support modules 332. The thermally conductive 
coolant-carrying tubes include tWo sets of liquid distribution 
lines, With each set having a thermally conductive coolant 
supply tube 340 providing liquid coolant to a ?rst cold plate 
320 (coupled to a primary heat generating component to be 
cooled), a bridge distribution line 341 coupling the ?rst cold 
plate to a second cold plate, and a thermally conductive cool 
ant return tube 642 for return of the liquid coolant from the 
cold plates. In this embodiment, each coolant return tube 642 
is extended in a U-shape to loop over memory support mod 
ules 332 aligned in a roW in array 602 adjacent to the back 333 
of the electronics draWer. Those skilled in the art should note 
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that (as used herein) the terms “front” and “back” are relative 
and can be reversed, depending upon the implementation. 
As a further variation, FIG. 7 depicts a partial elevational 

vieW of a memory support module 332 coupled to substrate 
400 via, for example, appropriate electrical interconnect 700. 
A thermal interface 729 (such as a thermal paste) couples an 
air-cooled heat sink 730 to memory support module 332. 
Air-cooled heat sink 730 includes a plurality of upWardly 
projecting thermally conductive ?ns 731. In this embodi 
ment, the thermally conductive auxiliary structure comprises 
multiple block-shaped structures 710, 712 extending from a 
cover 705. Eachblock-shaped structure 710, 712 has an open 
ing con?gured to accommodate a respective distribution line 
340, 342. Since block-shaped structure 710 encircles, and is 
physically coupled to coolant supply tube 340, and block 
shaped structure 712 encircles and is physically coupled to 
coolant return tube 342, an air space 720 is provided betWeen 
the thermally conductive blocks to prevent direct conductive 
coupling betWeen the thermally conductive coolant inlet and 
outlet distribution lines. Note that, in this example, it is 
assumed that cover 705 is fabricated of a non-thermally con 
ductive material. 

Extending from block-shaped structures 710, 712 are a 
plurality of thermally conductive ?ns 711, 713, respectively, 
Which are siZed and positioned to interdigitate in spaced 
opposing relation With the plurality of thermally conductive 
?ns 731 extending from air-cooled heat sink 730. Although 
not fully shoWn, structures 710, 712 are each con?gured as a 
block of thermally conductive material (e.g., copper or alu 
minum) siZed, for example, to extend substantially over air 
cooled heat sink 730, Which is itself siZed to extend substan 
tially completely over the respective memory support module 
332 to be cooled. 

Although preferred embodiments have been depicted and 
described in detail herein, it Will be apparent to those skilled 
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in the relevant art that various modi?cations, additions, sub 
stitutions and the like can be made Without departing from the 
spirit of the invention, and that these are therefore considered 
to be Within the scope of the invention as de?ned in the 
folloWing claims. 
What is claimed is: 
1. A method of fabricating a hybrid cooling system for a 

multi-component electronics system, the method comprising: 
providing an air moving device for establishing air ?oW 

across multiple components of an electronics system, 
the electronics system including at least one primary 
heat generating component to be cooled and at least one 
secondary heat generating component to be cooled; 

providing a liquid-based cooling subsystem comprising at 
least one cold plate con?gured to physically couple to 
the at least one primary heat generating component to be 
cooled for liquid-based cooling thereof, the liquid-based 
cooling subsystem further including at least one ther 
mally conductive coolant-carrying tube in ?uid commu 
nication With the at least one cold plate for facilitating 
passage of liquid coolant through the at least one cold 
plate; and 

coupling a thermally conductive auxiliary structure to the 
at least one thermally conductive coolant-carrying tube, 
the thermally conductive auxiliary structure including a 
plurality of thermally conductive ?ns extending from a 
surface thereof, Wherein When the hybrid cooling system 
is coupled to the multi-component electronics system, 
the plurality of thermally conductive ?ns are positioned 
at least partially over the at least one secondary heat 
generating component to be cooled and provide cooling 
of at least a portion of the air flow established across the 
multiple components of the electronics system to further 
facilitate cooling thereof. 

* * * * * 


